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Introduction
Hepatitis C virus (HCV) remains a major public health problem worldwide, causing over 500,000 deaths per year (Lim et al., 2012) and greater mortality in the United States than that attributed to HIV (Ly et al., 2012) . The virus is hyper-endemic worldwide among people who inject drugs (PWID), with 73% median seroprevalence among individuals who have ever injected and transmission typically occurring via sharing of needles, syringes, and drugpreparation equipment (Nelson et al., 2011) . Unfortunately, medical evaluation to assess for disease progression and treatment eligibility occurs sporadically among seropositive individuals in the general population (Spradling et al., 2014) and even less frequently among PWID (Wiessing et al., 2014) . Fortunately, remarkable advances in pharmacotherapy now offer greater than 90% efficacy for most genotypes, tremendously decreased adverse effect profiles, and shortened interferon-and ribavirin-free regimens (Li & De Clercq, 2017; Rehermann, 2016) , and it has been shown that PWID in community clinics and opioid substitution programs can achieve rates of sustained virologic response (SVR) equivalent to non-injectors even with older regimens including interferon and ribavirin (Grebely et al., 2016; Grebely et al., 2015) . For these reasons, identifying factors associated with seeking and receiving HCV-related medical care after seropositive test and post-test risk-reduction counseling (T&C) is critical in underserved and often stigmatized populations such as PWID (Grebely et al., 2008) .
In prior research, PWID-specific barriers to HCV-related medical care have included lack of status awareness and HCV-related knowledge, homelessness and unstable lifestyle, lack of social support, psychiatric comorbidity, HIV co-infection, fear of diagnosis and medical procedures, concerns regarding drug toxicity and low efficacy, and lack of transportation (Mravcik et al., 2013) . Stoove et al. (2005) reported that patients with no history of IDU were greater than threefold more likely to be referred to an HCV specialist than PWID, and current injectors were significantly less likely to initiate treatment, underlining substantial impact of IDU status on HCV-related care (Stoove, Gifford, & Dore, 2005) . Similarly, despite 81% being interested in receiving treatment, just 27% of PWID in three U.S. cities received medical evaluation HCV-positive serotesting (Strathdee et al., 2005) . In another study of urban PWID, just 14% and 6% reported receiving medical evaluation for HCV and initiating treatment, respectively; barriers to treatment included perceptions of severe adverse effects, low efficacy, and deprioritization due to lack of symptoms (Mehta et al., 2008) . Grebely et al. (2009) found only 15 of 1360 seropositive Canadian PWID had initiated treatment, among whom only four completed treatment and three achieved sustained virologic response. Strikingly, HCV seroconversion occurred at 25 times the rate of HCV treatment (Grebely et al., 2009) . However, when referral to medical care was coupled with seropositive T&C, medical evaluation occurred in 76% of PWID, and guideline-based clinical criteria became the major determinant of treatment initiation (Grebely et al., 2010) . Finally, of particular relevance to rural PWID, shorter travel distance to clinics (Monnet et al., 2008) and increasing community size (Astell-Burt, Flowerdew, Boyle, & Dillon, 2011) have been positively associated with HCV-related medical care.
Identifying predictors of both seeking and engaging in HCV-related medical care after T&C is central to enhancing public health interventions among PWID, especially with regard to the utility of HCV "treatment as prevention" (Grebely & Dore, 2014; Martin et al., 2013) . Such efforts are particularly relevant in medically underserved rural areas such as the Central Appalachian region of the United States, where harm reduction, substance use disorder (SUD), and integrated treatment programs recommended to address widespread HCV among PWID (Birkhead et al., 2007; Grebely et al., 2010) are largely unavailable (Appalachian Regional Commission, 2008; Des Jarlais et al., 2015; Stensland J, 2002) . Although a March 2015 Kentucky law permitted syringe exchange programs (SEPs) and expanded access to naloxone and other harm reduction services, as of February 2017 only 8 of 54 Appalachian Kentucky counties had established operational SEPs (Department for Public Health, 2015) . PWID also encounter barriers to accessing syringes in local pharmacies, as Kentucky law requires that persons engaged in sales of syringes collect detailed information about individuals purchasing syringes, including information on the planned use of such syringes (Kentucky Legislative Research Commission, 2005) . By contrast, such programs are often more accessible to PWID in major urban areas and/or in countries with comprehensive HCV public health programs, where the majority of prior research on HCV-related healthcare engagement among PWID has occurred.
As yet there is no clear consensus regarding factors likely to increase seeking and engagement in HCV-related care, and previously reported characteristics may be highly population-and context-specific. Moreover, little is known regarding rural PWID, who may differ significantly from their urban and suburban counterparts and are thought to be in large part driving surging resurgent HCV incidence observed in the United States in recent years (Zibbell et al., 2015) . In the United States, Kentucky has reported the highest incidence of acute HCV since 2009 (Centers for Disease Control and Prevention, 2016) . For these reasons, this study identifies predictors of contacting a healthcare provider for recommended follow-up and describes the uptake of treatment following HCVseropositive T&C in a medically underserved population of people who use and inject drugs in rural Appalachian Kentucky.
Methods

Design and sampling
Data were collected during the cohort study Social Networks among Appalachian People with an overall aim of identifying risk factors for transmission of infectious diseases including HCV, HIV, and herpes simplex virus type 2 among people who use drugs in the rural Central Appalachian region of eastern Kentucky, USA. As described previously , 503 participants were recruited from November 2008 to August 2010 using respondent-driven sampling (RDS) (Heckathorn, 1997) , with data collected during the 18-month wave until February 2012. Eligible participants were 18 years or older, community-dwelling, and had used heroin, crack/cocaine, methamphetamine, prescription opioids non-medically within the last six months. Participants with a positive HCV serum antibody test at study enrollment, six-month, or twelve-month follow-up and receiving test results and counseling at least 30 days prior to subsequent interviewing were included in this analysis. All participants gave informed consent and were compensated $50 USD for each study visit. Study procedures were approved by the University of Kentucky Institutional Review Board, and a Certificate of Confidentiality was obtained from NIH.
Data collection
HCV screening was completed at each study visit using the Home Access® Hepatitis C Check serum antibody test with standard pre-test counseling given to all participants. This test utilizes dried blood spot specimens obtained by finger-stick and third-generation enzyme immunoassay to detect HCV serum antibodies; sensitivity and specificity are 98.2% and 99.6%, respectively (US Food and Drug Administration, 1999). Post-test counseling was tailored to test results with standard messages including advising seropositive participants to seek medical evaluation for HCV from a healthcare provider and avoid alcohol intake as recommended by CDC (Centers for Disease Control and Prevention, 1998; Smith et al., 2012) , and to refrain from sharing syringes and other IDU-related equipment (AASLD-IDSA, 2016), along with information regarding local options to obtain appropriate follow-up medical care. The primary outcome variable was self-reported contact of a healthcare provider for medical follow-up receipt of seropositive T&C during the study, assessed via the following question: "After testing positive for hepatitis C did you contact a health professional to obtain followup testing?" Self-reported seeking and receiving treatment for HCV was also collected, with the following questions for the former item: "Did you seek treatment for hepatitis C?" Sociodemographic and behavioral data were collected via interviewer-administered questionnaires using computer-assisting personal interviewing software, as described elsewhere , along with participant responses to the MINI neuropsychiatric interview version 5.0.31 (Sheehan et al., 1998) , assessing for symptoms of major depressive disorder (MDD), generalized anxiety disorder (GAD), post-traumatic stress disorder, and antisocial personality disorder utilizing Diagnostic and Statistical Manual of Mental Disorders, 4th Edition (DSM-IV-TR) criteria. Lifetime and past sixmonth illicit and non-medical prescription drug use was asked at each interview, along with recent and lifetime alcohol and legal methadone and buprenorphine use, SUD treatment, drug overdose, and incarceration.
Shortest driving distance from participant address to Appalachian Regional Health Center (Hazard, KY), an inpatient and outpatient facility offering specialist HCV care centrally location to the five rural counties (>90% from Perry County, KY) sampled in this study and identified in post-test counseling materials provided to participants, was calculated at each visit using geocoded North American Street Map data (Environmental Systems Research Institute, 2010) and the Network Analyst tool in ArcGIS, version 10.2 (Redlands, CA). Participants who moved from the area after recruitment (n=10) were excluded from analysis of this measure. Possession of a driver's license and access to a vehicle was asked at study enrollment to assess availability of transportation. HCV knowledge was assessed using six true/false questions including awareness of HCV treatment, as was knowledge of HCVpositive status prior to study enrollment. Finally, number of individuals in each participant's social support network was calculated from social network data at each interview, as described elsewhere (Young, Jonas, & Havens, 2013) . Participants reported "alters" from whom they received social support in the form of food, money, or emotional assistance; the total number of "alters" named as providers of social support is hereafter referred to as "social support network out-degree" and was calculated for each study visit.
Statistical analysis
Longitudinal bivariate odds ratios were calculated in discrete time, controlling for the main effect of time and adjusted with sampling weights to correct for potential bias introduced by non-random sampling using RDSAT version 7.1 (Ithaca, NY) (Heckathorn, 1997; Volz et al., 2012) . Time-varying measures were lagged by one study interval, with independent variables significant at p<0.10 considered for inclusion in a multivariate model. Sociodemographic measures (sex, race, age, education, and income) were considered for inclusion in the multivariate model and retained in the final model if inclusion impacted other independent measures by ≥10% (Hosmer & Lemeshow, 1989) . The following previously reported factors impacting access to HCV care in PWID were also considered in the final model: HCV-positive serostatus awareness, IDU or SUD treatment within the past six months, opioid substitution therapy (OST) reported as legally prescribed use of either methadone or buprenorphine, and the DSM-IV psychiatric measures described above.
Bivariate and multivariate analyses were conducted using discrete-time survival analysis (DTSA) (Allison, 1982; Singer & Willett, 1993 , 2003 , which utilizes a discrete-time hazard function depicting a set of probabilities observed during each time interval for intervalcensored dependent measures (Singer & Willett, 1993) . For this analysis, more parsimonious approximations of the main effect of time (constant and linear approximations) were compared to the discrete-time model in a hierarchical manner utilizing goodness-of-fit testing p<0.05 level of significance. Nested parameterizations for time not differing significantly from the discrete model were considered, and independent measures were assessed using a hierarchical forward-selection process utilizing maximum-likelihood-based Wald testing with a chi-squared distribution and significance level of p<0.05 for potential covariates and the Bayesian information criterion (BIC) to differentiate between candidate models. As DTSA assumes proportional odds across time for each predictor (Singer & Willett, 2003) , independent measures in the final model were assessed for interactions with time at p<0.05 level of significance.
Results
N=254 of 503 baseline sample (50.5%) received HCV-seropositive T&C at enrollment (n 0 =226), six months (n 6 =21), and twelve months (n 12 =8); one participant not returning for interviewing following initial study visit was excluded. Table 1 summarizes sample proportions and RDS-adjusted population estimates of HCV-related healthcare events reported at any study visit. 150 participants (59.1%) reported contacting a healthcare provider for follow-up after receiving positive T&C, representing an estimated 51.8% of the sampled population. Of these 150 individuals, 35 (13.8%) described themselves as seeking treatment (12.4% population estimate), and 21 (8.3% of sample; 7.8% population estimate) reported receiving treatment for HCV. 31 participants were lost to follow-up, and the average number of follow-up visits for the sample was 1.9. Although the data describing where participants sought treatment were incomplete, most reported receiving follow-up testing and/or treatment through primary care providers, followed by community health centers (data not shown).
As summarized in Table 2 , study participants were predominantly male (60%), white (95%), and single (76%), with a mean age of 33 years. 95% reported lifetime history of IDU, and 98% reported ever having used OxyContin ® non-medically, whereas 94% and 95% reported use of sedatives and cocaine, respectively. 87% had been incarcerated, and 28% reported history of drug overdose. 80 participants (32%) reported having any form of health insurance and 42 (17%) received SUD treatment during data collection; of note, there were no HIV-positive participants through twelve-month screening. Bivariate estimates of association with contacting a healthcare provider are summarized in table 2. Table 3a depicts the conditional probability of contacting a healthcare provider after T&C: hazard was greatest in the six months immediately following HCV-positive T&C (0.38), with uniformly lower values after twelve (0.23) and eighteen months (0.23). As shown in table 3b, RDS-adjusted population estimates for probability of contacting a provider for follow-up decreased after the six-month study visit (0.37) to lower values at 12-month (0.18) and 18-month (0.16) study visits. The linear model for the main effect of time was selected for final multivariate modeling as it did not differ significantly from the fully discrete model (p=0.68). Hazard functions for the fully discrete model and linear time approximation are depicted in Figure 1 .
The final multivariate model with independent predictors of contacting a provider for follow-up is presented in Table 4 . No significant interactions with time were detected among independent covariates, supporting the proportional odds assumption. The main effect of time independently predicted 40% decreased odds of contacting a provider for each 6-month study interval elapsed since T&C (adjusted OR [aOR]=0.6). Having any form of health insurance more than doubled the odds of contacting a provider during the respective study interval (aOR=2.1), and meeting criteria for generalized anxiety disorder exhibited a similar strong positive association (aOR=2.6). By contrast, meeting criteria for major depressive disorder halved the odds of contacting a provider (aOR=0.5), and two methadone-related measures decreased the odds of contacting a provider: recent legal use (aOR=0.2) and lifetime illegal use (aOR=0.3). By contrast, recent marijuana use was associated with increased odds of making contact for medical follow-up (aOR=1.7). Finally, awareness of prior HCV-positive testing did not significantly increase odds of the primary outcome (aOR=1.7; p<0.10) but was retained in the model given improved goodness-of-fit suggested by BIC relative to the reduced model.
Discussion
In this study of predictors of HCV-related medical care-seeking and treatment uptake, nearly 60% of rural participants who use drugs contacted a healthcare provider for follow-up evaluation as recommended after seropositive T&C. Proportions of participants reporting they sought (<15%) and received treatment (<10%) were markedly lower. Other studies of PWID sampled from cities in the United States have reported markedly lower proportions of individuals undergoing medical evaluation following HCV+ serotesting, typically in the range of 21% (Mehta et al., 2008) to 27% (Strathdee et al., 2005) , although few researchers have specifically examined the initial step of medical follow-up (i.e., contacting a healthcare provider to make an appointment). These proportions contrast with studies of HCVseropositive individuals receiving medical evaluation in other settings: for instance, 75% of Australian PWID receiving OST (Treloar, Hull, Dore, & Grebely, 2012 ) and 57% of a U.S. clinic-based sample (Spradling et al., 2014) . Another study of 245 seropositive patients from the New York City health department reported that 67% obtained RNA testing when referred directly to medical services after T&C (McGibbon, Bornschlegel, & Balter, 2013) , whereas 53% of PWID received medical evaluation in data reported by Grebely and colleagues (2010) when healthcare referral was offered reflexively after T&C. In the latter study, clinical criteria based on published guidelines emerged as the primary determinant of HCV treatment initiation (Grebely et al., 2010) .
While the proportion making contact to arrange medical follow-up for HCV in this rural sample was relatively high, the proportion describing themselves as seeking treatment in particular lagged in comparison. However, the 8% ultimately receiving treatment is comparable to other studies, which have typically ranged from 3% to 10% (Cullen, Stanley, Langton, Kelly, & Bury, 2007; Mehta et al., 2008; Trepka et al., 2007) and higher uptake reported in community clinic-based (Morrill, Shrestha, & Grant, 2005) and Australian (Grebely et al., 2008) studies. In this sample, an impressive 21 of 35 (60%) participants who reported that they sought treatment from a healthcare provider ended up receiving treatment for HCV. This might suggest that individual-level barriers overshadow those at the physician level, given that although many participants made the initial step of contacting a provider for HCV-related follow-up, relatively few described themselves as seeking treatment through the encounter. This could also perhaps reflect the reputation of severe side effects and middling efficacy among the older interferon-based treatments available at the time data were collected.
As in prior research (Denniston, Klevens, McQuillan, & Jiles, 2012; Stepanova, Kanwal, ElSerag, & Younossi, 2011) , health insurance coverage was a robust predictor of making contact for medical follow-up in this rural sample. Unfortunately, however, nearly 70% of the cohort was uninsured throughout the study period, implicating lack of insurance coverage and most likely, healthcare costs as major barriers to HCV care among rural Appalachians who use drugs. However, given the recent, but uncertain expansion of health insurance coverage in the United States (Gallup Well-Being, 2014; U.S. Department of Health and Human Services, 2014) and in Kentucky in particular (Brammer, 2014) , coupled with rapidly evolving cost and efficacy of HCV pharmacotherapy, further study of this perennially volatile factor among rural PWID is needed.
Concordant with other research reporting correlation between interest in IDU cessation and HCV treatment (Strathdee et al., 2005) , lifetime history of SUD treatment increased the probability of making contact for medical follow-up in this sample. However, time-variant reporting of SUD treatment within the last six months did not reflect this association, and somewhat surprisingly, recent legal methadone use (i.e., OST) decreased the odds of contacting a provider. This suggests that while past treatment for SUD may boost healthcare engagement after HCV screening in this population, contemporaneous SUD treatment and OST do not seem to directly promote HCV-related healthcare under current conditions, echoing the negative association reported by Grebely et al. (2011) among Australian PWID. However, it is also possible that in this study HCV-positive participants already aware of their HCV status had been referred to medical evaluation through their OST prescriber prior to study enrollment, artificially decreasing these individuals' report of provider contact after T&C during the study. Nonetheless, the possibility that legal methadone use did not increase the probability of seeking out HCV-related medical care among seropositive individuals is concerning given what few harm reduction services are currently available in Central Appalachia and the effectiveness of integrated services for PWID demonstrated in other settings (Grebely et al., 2007; Grebely et al., 2010; Masson et al., 2013) . Finally, as suggested in previous research (McGibbon et al., 2013; McGowan et al., 2013; Morrill et al., 2005; Treloar, Newland, Rance, & Hopwood, 2010) , there may also be provider-and/or system-level biases against treating HCV among opioid-dependent individuals receiving OST, particularly PWID. In any case, this finding reinforces the notion that harm reduction, SUD treatment, and HCV-related healthcare services are not well-integrated in rural Central Appalachia.
Two characteristics promoting contact of a healthcare provider for HCV follow-up in this sample have not been reported similar prior studies. First, access to the internet nearly doubled the likelihood of healthcare contact during the subsequent study interval. This association suggests that there could be a protective benefit in online access to information regarding the health impacts and/or treatment options for HCV. In light of past research describing the potential of internet access to increase patient knowledge level, facilitate dissemination of health information, and promote "patient activism" (Magnezi et al., 2014; Pew Internet & American Life Project, 2010; Stevenson, Kerr, Murray, & Nazareth, 2007) including among patients with HIV (Kalichman et al., 2002) and other chronic diseases such as cancer (Basch, Thaler, Shi, Yakren, & Schrag, 2004 )-it is possible that similar mechanisms act on HCV-seropositive individuals. Furthermore, this finding is of particular interest given the ongoing scarcity of internet access in the rural Central Appalachian region sampled here (Lawrence et al., 2015) .
Another unexpected association promoting contact for medical follow-up was observed among recent marijuana users in this rural cohort. One study from the interferon/ribavirin era reported significant improvements in both treatment retention and efficacy among recent marijuana users (Sylvestre, 2002; Sylvestre, Clements, & Malibu, 2006) , but no other protective associations have been reported with regard to marijuana use and promotion of HCV-related care. One possible explanation is that rural PWID interested in ceasing IDU but with poor access to addiction treatment services might substitute marijuana for prescription opioids or other drugs of injection, although this hypothesis has not been systematically assessed. Further investigation of marijuana use in this population would be beneficial, particularly as daily cannabis use may accelerate progression of hepatic disease among individuals with chronic HCV .
Finally, two psychiatric measures were independently associated with making contact for medical follow-up and are of particular interest given the well-established role of mental health comorbidity in determining HCV treatment eligibility (AASLD-IDSA, 2016) and frequent psychosocial impairment among individuals with chronic HCV (Fireman, Indest, Blackwell, Whitehead, & Hauser, 2005; Modabbernia, Poustchi, & Malekzadeh, 2013) . Depressive symptomatology is a common barrier to healthcare engagement in general, including among individuals with HCV (Nguyen, Dore, Kaldor, & Hellard, 2007; Treloar et al., 2010) , so the negative association with MDD observed here is not unexpected. Moreover, depressive disorders are frequently comorbid with HCV, and depressed individuals are more likely to report symptoms, fatigue, and other impacts resulting from chronic infection (Dwight et al., 2000; Golden, O'Dwyer, & Conroy, 2005) . By contrast, participants meeting criteria for GAD displayed a strong positive association with making contact for follow-up in this sample, although few prior studies have investigated HCVrelated care in the context of anxiety disorders. No differences with regard to the adverse impacts of illness were reported among HCV-positive patients in one study (Golden et al., 2005) , despite frequent associations between anxiety disorders and chronic HCV (el-Serag, Kunik, Richardson, & Rabeneck, 2002) . While no previous studies have reported an association between GAD and HCV-related healthcare engagement, it seems intuitive that individuals more likely to experience anxiety after HCV status disclosure and counseling are also more inclined to seek out medical care for a potentially fatal condition such as chronic HCV. Additional study could clarify the relationship between psychiatric comorbidity and healthcare-seeking behavior among people who use and inject drugs, particularly in the setting of highly prevalent non-medical prescription opioid use.
Although this study provides insight into the initial steps of HCV-related medical assessment and treatment engagement in a rarely studied population, there are limitations to consider. First, the study survey asked specifically about contacting a healthcare provider for recommended follow-up testing and evaluation, rather than receipt of such follow-up, which could explain the relatively high rate of HCV-related healthcare engagement reported by participants in this sample. However, it should be noted that given the relatively recent legalization of SEPs in Kentucky with associated disease screening programs, HCV status awareness and associated post-test counseling with recommendations to pursue medical follow-up are likely to rise; therefore, understanding the initial step of HCV-related healthcare engagement following T&C is of utmost importance. Next, the proportion of participants reporting treatment-seeking and receipt may be depressed relative to present-day conditions, given that data collection occurred prior to the advent of dramatically more efficacious, better tolerated, and attenuated direct-acting antiviral regimens (Li & De Clercq, 2017) , as outlined previously. Finally, as with most research on substance-using populations, the analyses presented here relied on self-reported data, which can be subject to underreporting or over-reporting due to social desirability and recall biases, including the primary outcome variable. However, recall bias is expected to be minimized by the use of timevarying measures pertaining to the prior six months or less, and previous studies have found self-reported behavior from people who use and inject drugs to be a reliable source of data (Darke, 1998; Kokkevi, Richardson, Palermou, & Leventakou, 1997) .
In summary, additional intervention and research in rural populations characterized by high HCV transmission risk and complex barriers to initiation and engagement in HCV-related care are warranted. For example, intervening at the time of T&C with active referrals to HCV-related follow-up care at the time of screening might present a promising and effective means of increasing the proportion of treatment-eligible rural patients reaching points further downstream in the cascade of HCV-related medical care. Such interventional study might present particular benefit to individuals receiving disease screening and/or harm reduction services such as OST and SEPs, which present fleeting opportunities for rural PWID to be linked to HCV-related care in resource-poor regions with relatively scarce medical and social support resources. However, the lack of HCV treatment providers in many rural areas, and Appalachian Kentucky in particular, is a major barrier. Based on research in urban settings, integrated programs offering psychiatric, SUD, harm reduction, and medical care targeted to underserved populations characterized by poor access to preventive resources would seem to promise highest likelihood of benefit. In addition, it would be interesting to evaluate HCV-related healthcare contact, treatment-seeking, and treatment receipt in the era of newer, highly efficacious, and substantially more tolerable direct-acting antiviral agents, as well as increased health insurance coverage and more widely available harm reduction services in this long-underserved population. RDS-adjusted hazard functions depicting conditional probability of contacting a healthcare provider for medical follow-up after HCV-positive serotesting and post-test counseling. No difference was detected between the fully discrete and linear models for the main effect of time (p=0.68). BIC=Bayesian information criterion. Table 3 a. Life table with 
